A number of studies have reported the presence of human papillomavirus (HPV) in lung carcinoma. Interestingly, its detection rate appears to differ histologically and geographically. The present study examined 30 adenocarcinomas and 27 squamous cell carcinomas of the lung in a southern area of Japan, and detected high-risk HPV genome in 9 (30%) adenocarcinomas and 2 (7%) squamous cell carcinomas, using PCR with SPF10 primers and INNO-LiPA HPV genotyping assay. The difference of HPV detection rates in adenocarcinomas and squamous cell carcinomas was statistically significant (P=0.044, Fisher's exact test). HPV-16 was the most prevalent HPV genotype, and was detected in 27% (8/30) of adenocarcinomas and in 7% (2/27) of squamous cell carcinomas. High-risk-HPV positive carcinomas had decreased proportions of pRb (P=0.107) and significantly increased proportions of p16
Introduction
A number of studies have reported the presence of human papillomavirus (HPV) in lung carcinoma. Its detection rate appears to differ histologically and geographically (1, 2) . An evident geographical difference was pointed out in a recent meta-analysis by Klein et al (1) , who reviewed 53 publications reporting on 4508 cases; HPV was detected in 17, 15 and 36% of lung carcinomas in Europe, USA and Asia, respectively. Particularly high frequencies of up to 80% were seen in Okinawa (Japan), southern islands of Japan, and Taichung in Taiwan, which is only a few hundred kilometers away from Okinawa islands. Histological differences were reported by another meta-analysis reviewing all studies reported until 2001 (2) . This report revealed that HPV was positive in 25% of squamous cell carcinomas (SQCs), 19% of small cell carcinomas (SCLCs) and 8% of adenocarcinomas (ACs). Regarding histological predisposition, an interesting finding was made by a study in Okinawa, which reported that HPV involvement in cancer of the lung is most evident in well-differentiated SQCs, frequency of which has declined over the years (3) . On the other hand, a study in Taiwan detected HPV-16 and HPV-18 in 43 and 49% of ACs, respectively, and in 24 and 29% of SQCs, respectively, suggesting that ACs in Taiwan harbours high-risk HPVs more frequently than SQCs (4) . In this study, lung cancer among non-smoking Taiwanese women tended to be HPV-16/18 positive. It is worth noting that those clinicopathological features are similar to that observed for ACs responsive to gefitinib, a tyrosine kinase inhibitor specific for epidermal growth factor receptor (EGFR) (5, 6) .
According to a large-scale international study (7) , more than 99% of cervical carcinomas were reported to harbour HPV and the persistent infection with high-risk HPV is considered as its 'necessary cause' (8, 9) . The recent IARC monograph concluded that there was sufficient evidence in ONCOLOGY REPORTS 23: 1085 -1092 , 2010 Human papillomavirus is frequently detected in gefitinib-responsive lung adenocarcinomas humans for the carcinogenicity of HPV-16, -18, -31, -33, -35, -39, -45, -51, -52, -56, -58, -59 and -66 in the cervix (10) . Those high-risk HPVs are frequently integrated in cervical carcinomas whereas low-risk HPVs in the episomal form are usually found in benign lesions (11) . On the other hand, the etiological significance of HPV in lung carcinogenesis is yet unclear. Interestingly, however, HPV integration in the host genome has been reported in lung carcinomas (12) . The expressions of HPV E6 and E7 genes, important HPV oncogenes, are regulated by HPV E2 gene, whose disruption is caused by HPV genome integration into the host genome. In cervical carcinogenesis, abnormal expressions of E6 and E7 oncoproteins, induced by loss of functional E2 gene, are considered major steps for facilitating transformation and transition into a malignant state (13, 14) . The HPV E6 oncoprotein interacts with the p53 tumor suppressor protein and the E6-associated protein, a host-cell ubiquitin ligase, and accelerates proteasomal degradation of p53 (15) . The importance of p53 degradation in HPV-related lung carcinogenesis was suggested by a recent study of lung carcinomas diagnosed in Taiwan, which showed an inverse correlation between HPV-16/18 E6 expression and p53 expression (16) . Another important oncoprotein of HPV is E7, whose binding with pRb destabilizes this tumor suppressor protein (17) and induces E2F release and subsequent p16
INK4a over-expression (18) . Sano et al reported that high-risk HPV was associated with a stronger expression of p16
INK4a in cervical carcinoma when compared to low-risk HPV (19) .
In the present study, we investigated the prevalence of HPVs and their genotypes in Japanese lung carcinomas by broad spectrum and highly sensitive SPF10 primers, and HPV-16-specific primer sets. Furthermore, using real-time PCR, we estimated viral load, and determined the physical status of high-risk HPV-16 on the basis of the method proposed by Peitsaro et al (20) . In addition, 20 recurrent AC cases treated with gefitinib were also examined for HPV presence.
Materials and methods
Clinical specimens. The present study examined a total of 57 paraffin-embedded tissue samples of lung carcinoma cases, 27 SQCs and 30 ACs cases, diagnosed at Kagoshima University Hospital during the period from January 1994 to February 1996. In addition, primary lung ACs obtained from 20 recurrent cases treated with gefitinib were also examined. Information on clinicopathological features and smoking habits was retrieved from pathological and medical records. Histological classification for lung carcinoma was made using the guideline determined by the Japan Lung Cancer Society (21) . Institutional Review Board of Kagoshima University Graduate School of Medical and Dental Sciences, Japan, approved the present study.
DNA extraction. Sections (10 μm-thick) of each paraffinembedded tissue specimen, containing a minimum of 40% (typically 60-70%) tumor cells, were cut and collected in sterile tubes. For DNA extraction, each sample was treated with 0.8 ml of lemosol and 0.2 ml of ethanol, and subsequently washed with 1 ml of ethanol. After centrifugation and air-drying, the pellet was re-suspended in digestion buffer (50 mM Tris-Cl, pH 8.0, 1 mM EDTA, pH 8.0 and 0.5% Tween-20) containing 200 μg/ml of proteinase K (Invitrogen Corp., Carlsbad, CA, USA) and incubated at 55˚C for 24 h. After being heated at 100˚C for 10 min, the solution was subjected to phenol-chloroform extraction and DNA ethanol precipitation. The quality of DNA and the absence of PCR inhibitors in samples were checked by PCR for ß-globin using PCO3 5'-ACA CAA CTG TGT TCA CTA GC-3' and PCO4 5'-CAA CTT CAT CCA CGT TCA CC-3' primers under the following PCR conditions: initial denaturation at 95˚C for 15 min, 40 cycles with the cycling profile of 95˚C for 1 min, 52˚C for 1 min, 72˚C for 1 min, and final extension for 5 min at 72˚C.
HPV detection and genotyping. The HPV genome was detected with a broad-spectrum SPF10-biotinylated primer PCR (22 (20) , assuming that: i) preferential disruption of E2 causes absence of E2 gene sequence in the PCR product following integration, ii) the copy number of both E2 and E6 genes should be equal when viral DNA presents in episomal form, and iii) E2 copy numbers are smaller than that of E6 in concomitant form.
Amplifications of HPV-16 E2 gene (76 bp) and E6 gene (81 bp) in the presence of E2-and E6-specific hybridization probes, respectively, were performed as reported before (20) . In brief, the PCR analysis was performed in a 25-μl mixture containing 1X TaqMan Master Mix (Applied Biosystems), 300 nM of primers, 100 nM of dual-labeled (5_FAM and 3_TAMRA) E2 or E6 fluorescence hybridization probe, and 1-2 μl of DNA template. The primers used were as follows: 5'-GAG AAA CTG CAA TGT TTC AGG ACC-3' for E6F, 5'-TGT ATA GTT GTT TGC AGC TCT GTG C-3' for E6R, 5'-AAC GAA GTA TCC TCT CCT GAA ATT ATT AG-3' for E2F, and 5'-CCA AGG CGA CG GCT TTG-3' for E2R. The probes used were: CAC CCC GCC GCG ACC CAT A for E2 and CAG GAG CGA CCC AGA AAG TTA CCA CAG TT for E6. After activation of the AmpliTaq Gold DNA polymerase and the denaturation of the nucleic acids by heating for 10 min at 95˚C, 40 cycles of denaturation at 95˚C for 15 sec and annealing-extension at 60˚C for 1 min were carried out. Serial dilutions of full-length HPV-16-pUC19 plasmid DNA, containing equivalent amounts of E2 and E6 genes from 86 to 862 million copies per reaction, served as a standard control. DNA extracted from cervical carcinoma cell line, SiHa, harboring 1-2 copies of purely integrated form of HPV-16 gene with disruption of the E2 gene, was used as controls for E2 (negative) and E6 (positive) amplification. Each HPV-16-positive specimen was assayed two or three times.
Real-time PCR for the ß-globin gene was also performed by 2X QuantiTect SYBR Green PCR kit (Qiagen, Hilden, Germany) using PC03/PC04 primers to adjust the differences in the amount of input genomic DNA between samples. A 7-fold dilution series of a human DNA control (Dynal, Ltd., Bromborough, Wirral, Merseyside, UK) was used to generate the standard curve. The amount of ß-globin DNA present in each sample was divided by the weight of one genome equivalent (i.e., 6.6 pg/cell) and a factor of 2 (since there are 2 copies of ß-globin DNA/genome equivalent or cell) to obtain the number of genome equivalents or cell in the sample. Viral loads in each specimen were expressed as the number of HPV copies per cell.
p16
INK4a , pRb and p53 protein immunohistochemical staining. Sections of paraffin-embedded block with the thickness of 2-3 μm were placed on silane-coated glass slides, and deparaffinized by passage through xylene. After rinsing the slides with ethanol, the endogenous peroxidase activity was blocked by incubation with 0.3% H 2 O 2 /methanol for 30 min. The slides were then rehydrated by adding 0.01 mol/l sodium phosphate/ citrate buffer, pH 8.0, and microwaved at 95˚C for 5 min.
For antigen retrieval, the slides were heated in 0.01-M citrate buffer, pH 6.0, at 95˚C for 30 min. After rinsing in 0.01 mol/l phosphate-buffered saline (PBS), pH 7.4, non- Table I . Characteristics of the subjects in the present study. c Two adenocarcinoma cases diagnosed as papillary were categorized in well-differentiated type of tumor.
specific antibody binding was reduced by incubating the sections with 10% fetal bovine serum in PBS for 30 min. Then, the sections were incubated overnight at 4˚C with a mouse monoclonal antibody of p16 INK4a (1:200 dilutions, GST-p16 INK4 , PharMingen International, San Jose, USA), p53 (1:50 dilutions, DO-7, Dako Co., Ltd., Kyoto, Japan) or pRB (1:50 dilutions, NCL-RB, Novocastra Laboratories Ltd., Newcastle, UK). After washing thoroughly with PBS, the slides were incubated with biotinylated horse anti-mouse IgG for 30 min, and then with a 1:100 dilution of the avidinbiotin-peroxidase complex (Vectastain elite ABC kit, Vector Laboratories, Burlingame, CA) for an additional 30 min. The peroxidase signal was visualized by treatment with DAB substrate-chromogen system (Dako Corp., Carpinteria, USA) for 8 min. Finally the sections were stained lightly with hematoxylin. Nuclear staining was considered positive for p16 INK4a , p53 or pRb expression. In statistical analysis, the cases with <10% carcinoma cells stained positive were classified as negative cases, and the other cases were regarded as positive cases for the expression in p16
INK4a , p53 and pRb proteins (24, 25) .
Statistical analysis. We used Fisher's exact test for the analyses of categorical variables. P-values for trend were based on robust standard errors obtained from logistic regression models. Geometric mean of viral copy was also calculated. All statistical procedure was performed by Stata software, version 8.1. (Stata Corp., College Station, USA) or StatXact 4 (Cytel Software Corp., USA). All P-values presented are two-sided.
Results
In the present study, we examined the presence of HPV genomes in 30 AC and 27 SQC cases. Clinicopathological features of those cases are summarized in Table I . High-risk HPV DNA was detected in 9 out of 30 AC samples (30%) and 2 out of 27 SQC samples (7%), by PCR using SPF10 primers and by INNO-LiPA HPV genotyping assay. The difference of high-risk HPV detection rates between ACs and SQCs was statistically significant (P=0.044, Fisher's exact test). Clinicopathological features of high-risk HPV-positive lung carcinoma cases are summarized in Table I . The most prevalent genotype was HPV-16, which was detected in 8 ACs (27%) and 2 SQCs (7%) as summarized in Table II . Two other high-risk HPV genotypes, HPV-33 and HPV-18, were detected in ACs (Cases 2 and 4). In addition, HPV-6, a low-risk type HPV, was detected in 2 ACs and 2 SQCs. The frequency of HPV-positive lung carcinomas was not related to sex, age at diagnosis, smoking, tumor stage or histological grading (data not shown).
Tumor suppressor gene expressions in HPV-positive lung carcinomas were determined by immunohistochemistry. The results of statistical analyses of those gene expressions are summarized in Table III . High-risk HPV-positive carcinomas had decreased proportions of pRb expressing cells (P=0.107) and significantly increased proportions of p16
INK4a expressing cells (P=0.031) when compared to HPV-negative lung carcinomas. Table IV summarizes the viral load and physical status of HPV-16 detected in lung carcinomas. The geometric mean of viral load, determined by real-time PCR, was 0.02 per cell and was much lower than that observed in cervical cancer (geometric mean of HPV-16 = 333 copies per cell; unpublished data). HPV-16 E2/E6 ratio was also determined by real-time PCR. In 8 (80%) ACs, E2 DNA was not detected. In the rest of the SQCs, E2 DNA was detected but the E2/E6 ratio was less than unity. Since there was no E2 amplification, all HPV-16-positive ACs were considered to have HPV integration into the host genome. In two HPV-16-positive SQCs, E2/E6 ratio was between zero and unity. Those carcinomas were considered to have both integrated and episomal forms Table II. HPV genotypes and expressions of p53, pRb and p16 INK4a in HPV-positive lung carcinomas. 1  Male  69  AC  6, 16  0  60  70  2  Female  51  AC  33  70  20  <5  3  Female  70  AC  16  80  80  10  4  Female  62 
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of HPV-16 DNAs. Neither viral load nor physical status of HPV-16 was related to the expression of p16 INK4a or pRb. In addition to those cases, we examined primary tumors obtained from recurrent AC cases treated with gefitinib (Table V) . HPV was negative in all of the gefitinib nonresponsive ACs (n=12), but was positive in 6 or 75% of 8 ACs with complete or partial response. One gefitinib nonresponsive AC (case G11) was HPV-16 positive in the adjacent normal tissues but HPV negative in its cancer lesion. The difference of HPV-positive frequency between gefitinib nonresponsive and responsive ACs was statistically significant (P<0.001, Fisher's exact test). Predominant HPV genotype in gefitinib-responsive ACs was HPV-16, which was observed in four cases. In addition, HPV-18 was detected in the remaining 2 ACs. There was no significant association between expressions of tumor suppressor genes and HPV presence in those recurrent ACs. Real-time PCR analysis for HPV-16-positive cases showed that geometric mean of the viral load was 0.064 (95% CI: 0.008, 0.546) copies per cell. In none of the HPV-16-positive gefitinib-responsive ACs, E2 DNA was detected (Table VI) .
Discussion
The present study suggests that high-risk HPV may be more strongly related to ACs in Japan when compared to SQCs. Our finding is compatible with a Taiwanese study that detected high-risk HPV from ACs among non-smoking women at a Table III . HPV frequency by clinicopathological factors.
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relatively high frequency (4). However, the present study did not show a predisposition of high-risk HPV to women or non-smokers. Other important findings in the present study are a significant decrease of pRb expressing cells (P=0.107) and a significant increase of p16
INK4a expressing cells (P=0.031) in lung carcinomas with high-risk HPV genome when compared to high-risk HPV-negative carcinomas. Although those findings suggest an etiological role of highrisk HPV in lung carcinogenesis, the low viral load, as observed in the present study, casts a doubt on such a notion. It should also be noted that high-risk HPV-positive lung carcinomas did not have clear expression of HPV-16 E6 protein in immunohistochemistry analysis (data not shown). A possible explanation for those findings is the presence of an unknown factor that affects the expressions of pRb and p16
INK4a in carcinomas, and, in addition, induces high-risk HPV infection in carcinoma cells. Another possible explanation for low viral load is the 'hit and run' hypothesis, where viral genome is necessary for initiation but not for maintenance of cellular transformation (26) . Such a mechanism can explain the observation that only small portions of virustransformed cells harbored viral genome as was reported by studies on cell transformation by bovine papillomavirus (27) and HPV-18 (28) . It was also hypothesized that the deregulated high-risk HPV E6-E7 expression induces chromosomal instability, resulting in HPV genome integration in the affected cell (29) . It is suspected that the chromosome instability may give rise to more malignant cancer cells with a selective growth advantage (30) . Those malignant cells with chromosome instability may tend to lose HPV-integrated chromosome or the HPV-integrated part of chromosome after many cycles of cell replications due to chromosome instability.
The sensitivity of lung ACs to gefitinib and erlotinib, small-molecule EGFR specific tyrosine kinase inhibitors, are known to be associated with EGFR mutations, which include i) exon 19 mutations characterized by in-frame deletions of Table V. HPV frequency among the patients with adenocarcinoma a who received gefitinib treatment. 
a All cases were adenocarcinomas. Case 12 had both adenocarcinomas and squamous cell carcinoma of lung.
b CR, complete response with disappearance of the tumor; PR, partial response with >50% decrease of the tumor; progressive, >25% increase of the tumor or appearance of new lesion(s); and stable disease, neither partial response nor progressive disease.
c HPV genome was not detected in carcinoma tissues, but HPV-16 genome was detected in adjusting normal lung tissues.
d Tumor specimen of Case G17 was limited and immunohistochemical staining was not performed.
amino acids 747-750, accounting for 45% of mutations; ii) exon 21 mutations resulting in L858R substitutions, accounting for 40-45% of mutations; and iii) mutations involving exons 18 and 20, accounting fot the remaining 10% (31) . Interestingly, EGFR mutations are more prevalent in women, never smokers, patients of Asian ethnicity, and those with AC histology (5, 6) . Since these clinicopathological features seemed similar to that reported for HPVpositive ACs in Taiwan (4), we examined gefitinibresponsive and non-responsive ACs for HPV DNA. Highrisk HPV was detected in 75% of gefitinib-responsive ACs whereas none of gefitinib non-responsive ACs was HPV positive. Our finding suggests that the sensitivity to HPV infection may be associated with genetic backgrounds relating to EGFR mutations (31). Interestingly, Takeuchi et al (32) reported that lung ACs can be classified into two major types: terminal respiratory unit (TRU) type and non-TRU type. They showed the presence of a significantly higher frequency of EGFR mutation in TRU type ACs when compared to non-TRU type ACs. It is of interest to examine the association of HPV infection and TRU-type ACs. HPV E5 protein is known to be an EGFR activator (33) . However, HPV E5 gene in cervical carcinomas is frequently lost or underexpressed after integration when compared with E6 and E7 genes, which encode important oncoproteins of high-risk HPV (34) . In the present study, EGFR was not up-regulated in HPV-positive ACs when compared to HPV-negative ACs by immunostaining (data not shown).
Somatic K-Ras mutation has been assessed as another potential marker for the response to anti-EGFR agents (35) . Since Noutsou et al (36) pointed out the involvement of highrisk HPVs in the carcinogenesis of the lung in cooperation with K-Ras mutation, it is worthwhile to examine the frequency of K-Ras mutation in HPV-positive and -negative lung carcinomas.
The transmission route of the HPV detected in lung carcinomas is not clear. Some researchers suspect that HPV detected in lung carcinoma may originate in the uterine cervix and spread to the lung tissue via the bloodstream (37) . However, a study in Latin America, which compared the second cancer risk of 335 women with invasive cervical cancer and their first degree relatives, did not find any increase in lung cancer risk among cervical cancer patients (38) . Since HPV infects the oral mucosa, and subsequently, the larynx and the bronchial tissue (39) , HPV infection of the lung tissue may be through the upper aero-digestive tract.
The present study also showed that HPV-16 detected in lung carcinomas are frequently integrated, confirming the finding of our previous report examining lung carcinomas in Chile (12) . However, the following three points should be taken into account: i) disrupted viral copies may be flanked by intact viral copies (40) , ii) HPV integration does not always cause E2 disruption (41, 42) ; and iii) more than a 10-fold excess of episomal form to integrated form of the virus interferes with E2 amplification, regardless the amount of viral DNA, resulting in lower E2/E6 ratios (43) . Those factors tend to mask the presence of the integrated form HPV. However, since we found no carcinoma with the exclusive presence of episomal HPV-16 (E2/E6 ratio being equal to or higher than unity), it can be concluded that all the HPV-positive carcinomas had integrated-form of HPV with or without episomal HPV DNA.
In conclusion, the present study suggests that high-risk HPV may be more strongly related to ACs, particularly gefitinib-responsive ACs, when compared to SQCs. However, the low viral load makes it difficult to determine the etiological significance of these findings. Further studies seem warranted to elucidate the etiological role of HPV in lung carcinogenesis. Table VI . Viral load and physical status of HPV detected in recurrent adenocarcinomas treated with gefitinib. ------------------------------------------------- a HPV genome was not detected in carcinoma tissues, but HPV-16 genome was detected in adjusting normal lung tissues.
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